Introduction {#S0001}
============

Systemic lupus erythematosus (SLE) is a chronic, autoimmune connective tissue disease that presents with a myriad of clinical manifestations[@CIT0001] including ocular involvement; ranging from keratoconjunctivitis sicca to sight-threatening conditions as retinopathy.[@CIT0002] SLE can affect the vascular system in many territories including choroidal vessels either by immune complex deposition in the vessel wall and lumen inducing vasculitis or an increased atherosclerotic or thrombotic burden.[@CIT0003] The choroid has been shown to be affected in SLE patients in many studies.[@CIT0004],[@CIT0005] The choroid choriocapillaris and the renal glomerular capillaries have similar histology and are similarly affected by systemic diseases.[@CIT0003] As Lupus nephritis is a severe clinical form of SLE, choroidal thickness has been found as a tissue marker of high activity in patients with lupus nephritis.[@CIT0005] Choroidopathy was considered as a direct reflection of inflammatory cells deposition in choriocapillaris.[@CIT0003] The severity of the disease is an important key to decide and maintain a proper treatment, and so many activity indices were proposed. One of these is the SLEDAI (SLE disease activity index), that is considered an important index for disease morbidity.[@CIT0006] Enhanced depth imaging optical coherence tomography (EDI-OCT) is considered now the main noninvasive, rapid, objective, and reliable diagnostic technique for monitoring any choroidal changes. It allows in vivo examination and quantification of the choroid.[@CIT0007]

The micro-ribonucleic acids (miRNAs) are nucleotides of short non-coding RNAs. They control the expression of multiple protein-encoding genes at the posttranscriptional level.[@CIT0008] Many studies have focused on the role of the miRNAs in various autoimmune diseases including SLE.[@CIT0009] SLE patients have distinct miRNA signatures in different tissues; peripheral blood mononuclear cells, plasma as well as serum.[@CIT0010] Among the miRNAs involved in the pathogenesis of SLE is the miRNA-146a-5p, member of the miR-146 family, that negatively regulates cytokine signaling via the NF-κB signaling pathway.[@CIT0011] MiRNA-146a shows a regulation of the immune response and inflammation and has been found to be essential in SLE, especially in lupus nephritis. The dysregulation of miRNAs has been associated with several ocular and systemic diseases that are characterized by alteration of the immune system, including Sjogren's syndrome, ocular neoplasms, and uveal inflammation.[@CIT0012]

Based on previous facts, this case--control prospective study was done to evaluate the subfoveal and parafoveal choroidal thickness, as measured by OCT, in cohort Egyptian SLE patients attending Cairo University Hospitals and to compare it to healthy controls. Correlation between ocular findings and disease activity as well as renal affection was also investigated. We also attempted to explore the potential association between changes in the choroidal thickness and serum miRNA-146a-5p among the study participants.

Patients and Methods {#S0002}
====================

This study included 35 SLE patients fulfilling the SLICC (Systemic Lupus International Collaborating Clinics)[@CIT0013] criteria and managed at Cairo University, and 30 healthy controls. Patients with co-existing ocular diseases such as dense media opacities, ocular trauma, and/or surgery were excluded. Moreover, patients with a refractive error with a spherical equivalent \> ±3 diopters (D) were also excluded. Patients with concurrent systemic diseases, including diabetes and/or hypertension, were not enrolled in the study. Complete history including the disease duration, activity score according to SLEDAI,[@CIT0006] and treatment doses was documented. The study was approved by the Kasr Alainy Research Ethics Committee. The committee approved a verbal informed consent process, which was obtained from all participants. The study follows the principles of the Declaration of Helsinki.

Rheumatologic Examination {#S0002-S2001}
-------------------------

In addition to demographic data, the treatment received at the time of the study was recorded. SLEDAI scores;[@CIT0006] document a range of a group of descriptors of activity, all evaluated by the Rheumatologist. Median SLEDAI scores ranged from 2 (inactive disease) to 8 (active disease).[@CIT0014] Patients group was examined on time of admission to document the score of their diseased condition.

Isolation of RNA and Real-Time Reverse Transcription-Polymerase Chain Reaction {#S0002-S2002}
------------------------------------------------------------------------------

Two-milliliter peripheral venous blood samples were withdrawn from patients and control subjects and allowed to clot then centrifuged to separate the serum which was stored at − 80°C until further processing. MiRNA was extracted from 200 µL serum samples using the miRNA easy Mini kit (Qiagen). The concentration and purity of eluted RNA were measured on a spectrophotometer (Nanodrop, Thermo Scientific). Extracted RNA was stored at −80°C till further processing. Quantification of miRNA-146a-5p was determined using two-step reverse transcription-polymerase chain reaction (RT-PCR): for miR-146a-5p complementary DNA synthesis, RNA was reverse transcribed using specific miRNA primers from the TaqMan miRNA assay and the TaqMan miRNA RT Kit. PCR products were amplified using the TaqMan miRNA Assay and the TaqMan Universal PCR Master Mix (all from Applied Biosystems) according to the manufacturer's protocol. For normalization, Ce_miR-39_1 was used as a reference control. qPCR was performed on the step-one real-time PCR system (Applied Biosystems). Relative miR-146a-5p expression levels were calculated using the 2−ΔΔCt method as described by Schmittgen et al.[@CIT0015]

Ophthalmological Examination {#S0002-S2003}
----------------------------

All candidates were examined for best-corrected visual acuity using the Snellen Decimal score. The results were then changed to the logarithm of the minimum angle of resolution (LogMAR). Detailed slit-lamp examination for evaluation of anterior segment was performed for each candidate. Also, posterior segment using Volk +90 D lens, as well as dilated pupil examination by indirect ophthalmoscopy was performed. Goldmann applanation tonometry was done.

Choroidal Thickness (CT) by OCT {#S0002-S2004}
-------------------------------

All participants (patients and controls) had undergone OCT using RTVue OCT (Optovue Inc., Fremont, CA, USA) in Kasr Alainy diagnostic eye laser unit. In the patients group, the imaging was performed within 2--7 days of Rheumatologic examination, and blood sampling. The OCT was performed at midday (between 10 AM-12 PM). RTVue is a high-speed and high-resolution Spectral Domain OCT device with wavelength 840 nm, the scan rate of 26,000 A-scans per sec, and axial resolution of 5 µm. For this study, horizontal B-scan images centered on the fovea were used to measure CT. Each B-scan image consists of 1024 A-scans. The RTVue software provides a "Chorioretinal" imaging mode. This mode has the same value as enhanced depth imaging (EDI) described by Spaide et al[@CIT0016] with a slightly different approach. The scan used on the RTVue was the macular cross line that consists of 2 orthogonally oriented 6-mm lines. We chose the nasal-temporally horizontal line for measurement. The CT was measured by anterior and posterior boundaries: The posterior edge of the RPE (ie, the anterior boundary of the choroid) can be easily identified in the RTVue OCT images. The posterior boundary is the choroid-sclera junction which needs a special technique for identification due to the differences in its appearance within the population. We can use the Lamina Fusca (LF), which is a hyperreflective layer, as the natural posterior boundary of the choroid, or the outer vessel limit (OVL) if LF was not visible.[@CIT0017] In this study, we measured CT from the posterior edge of the retinal pigment epithelium (RPE) to the choroid-sclera junction at subfovea, and 750 µm temporal and nasal to the fovea ([Figure 1](#F0001){ref-type="fig"}). We selected those two particular points at 750 µm from the fovea to be as close to the foveal area for the best extent possible. Two operators were recruited to capture the images and measure the CT at the three loci in each eye of both groups. The recorded values were the average of the two operators who were totally blinded about the cases.Figure 1The choroidal thickness was measured at subfovea, and 750 µm temporal and 750 µm nasal to the fovea.

Data were coded and entered using the statistical package SPSS (Statistical Package for the Social Sciences) version 25. Data were summarized using mean, standard deviation, median, minimum, and maximum in quantitative data and using frequency (count) and relative frequency (percentage) for categorical data. The Chi-square (x^2^) test was used to compare the prevalence of morphological changes in cases and controls. Comparisons between cases and control were done using unpaired *t*-test. Comparisons between quantitative variables were done using the non-parametric Mann--Whitney test. Correlations between quantitative variables were done using the Spearman correlation coefficient. ANCOVA analysis was performed to correct for an age when comparing subfoveal CT between cases and control. P-values less than 0.05 were considered as statistically significant.

Results {#S0003}
=======

In this study, a total of 35 patients with SLE (20 right eyes, 15 left eyes), and 30 normal controls (15 right eyes, 15 left eyes) were examined and imaged. All participants were females. The mean age in the patients group was 31.2 ± 9.4 years (16--57 years). The mean age in the controls group was 34.3 ± 8.0 years (19--43 years).

In the patients group, the median duration of SLE was 6 years (1--15 years). The median SLEDI was 6 (0--36). The highest percentage of patients showed mild activity (n=15, 42.9%), [Table 1](#T0001){ref-type="table"}. The patients diagnosed with lupus nephritis were 54% (19/35). Table 1Percentage of Activity of SLE According to SLEDI Scores in Patients GroupDegree of ActivityPatients Group (n=35)Count%Interpretation of SLEDINot active (0)720.0%Mild activity (1--10)1542.9%\*Moderate activity (11--20)822.9%Severe activity (21--45)411.4%Very severe activity (\>45)12.9%[^1]

The antimalarial drug, hydroxychloroquine (HCQ), is the main line of treatment for 91.4% of patients (32/35), the median daily dose in milligram (mg) is 400mg (200--600 mg).

The mean serum level of miRNA146 in patients group was 4.0 ± 5.1 fold change (0.4--26.7 fold change) and the mean in control group was1.54 ± 1.66 fold change (0.13--7.21 fold change) (p = 0.001)

Quantitative Data in OCT {#S0003-S2001}
------------------------

The mean central subfoveal CT in the patients group was 275.7 ± 41.0 µm (214--374 µm).

The mean central subfoveal CT in the controls group was 364.5± 23.0 µm (323--411 µm), [Figure 2](#F0002){ref-type="fig"}, and [Table 2](#T0002){ref-type="table"}. Figure 2Shows the significant differences in choroidal thickness between both groups at selected loci.Table 2Comparison Between Both Groups Regarding CT in the Three Loci in Each EyeChoroidal Thickness (CT)Patients Group (n=35)Controls Group (Control n=30)P valueMeanSDMedianMinimumMaximumMeanSDMedianMinimumMaximum▲SUB FOVEAL275.741.0264.00214.00374.00364.523.00358.50323.00411.00\<0.001NASAL278.346.3271.00215.00395.00350.922.7361.5287.00377.00\<0.001TEMPORAL280.146.2265.00210.00379.00343.119.3344.5285.00370.00\<0.001[^2]

In Patients Group, the mean CT in subfovea, nasal and temporal parafoveal points (750 µm from the center of fovea nasally and temporally, respectively) showed significant thinning as compared to Controls Group in the same loci, [Table 2](#T0002){ref-type="table"}. When ANCOVA analysis was performed to correct for the age when comparing subfoveal CT, it was still significantly thinner in the patients compared to the controls, [Table 3](#T0003){ref-type="table"}. Table 3Dependent Variable: Subfoveal Choroidal Thickness; Covariates Appearing in the Model are Evaluated at Age=32.7GroupMeanStd. Error95% Confidence IntervalP valueLower BoundUpper BoundPatients274.073^a^5.555262.969285.178\<0.001Controls366.414^a^6.007354.407378.422[^3]

In patients group; the subfoveal location only, Nephritic subgroup (19/35) showed significant thickening compared to non-nephritic subgroup (16/35) (P=0.032), [Figure 3](#F0003){ref-type="fig"}. Correlation between CT in nephritic subgroup and SLEDI in the same subgroup was positive but not significant (r=0.1663, P=0.5). Correlation between CT in nephritic subgroup and miRNA146 in the same subgroup was positive but also not significant (r=0.04, p=0.8)Figure 3Patients group subfoveal choroidal thickness more significant in nephritic subgroup.

Morphological Data in OCT {#S0003-S2002}
-------------------------

Drusen-like deposits (DLDs) were detected in 22.9% (8/35) of Patients Group and none in Controls Group (p=.023), [Figure 4](#F0004){ref-type="fig"}.Figure 4Parafoveal small DLDs (white arrows) in right eye in patients group.

Peri-foveal inner retinal thinning (peri-foveal cupping) was detected in 11.4% (4/35) in Group1 and 3.3% (1/30) in Group2 (p=.222), [Figure 5](#F0005){ref-type="fig"}.Figure 5Peri foveal thinning (red arrows) in four eyes of patients in patients group.

Drusen-like deposits (DLDs) were not significantly correlated to nephritis (r=0.09, p= 0.61). Peri-foveal inner retinal thinning was also not correlated to HCQ dose (r= −0.024, p=0.9).

No statistically significant correlation was found between (duration, lupus nephritis, SLEDI, and HCQ treatment) and CT in Group1. Age as a physiological factor affecting CT was correlated to CT at all loci, [Table 4](#T0004){ref-type="table"}. Table 4Shows Correlation Between (Age, Duration, Nephritis and SLEDI, and HCQ) and CT at Selected Loci in Patients GroupPatients Choroidal ThicknessAgeDuration (years)SLEDINephritisHCQ (dose mg)SubfovealCorrelation Coefficient−0.4040.2830.270−0.07950.239P-value0.016\*0.0990.1170.6490.166NasalCorrelation Coefficient−0.4550.3140.251−0.04830.175P-value0.006\*0.0670.1460.7830.313TemporalCorrelation Coefficient−0.4270.2420.168−0.1020.104P-value0.011\*0.1620.3350.5590.55[^4]

No statistically significant correlation was found between (age, CT by OCT at selected loci) and miRNA 146 in Group1. However, lupus Nephritis patients showed a statistically significant correlation with miRNA 146, [Table 5](#T0005){ref-type="table"}. Table 5Correlation Between miRNA and (CT, SLEDI and Nephritis) in Patient GroupPatients Group**miRNA 146**AgeCorrelation Coefficient−0.037P value0.843NephritisCorrelation Coefficient0.369P value0.041^\#^SLEDICorrelation Coefficient0.0362P value0.846Subfoveal CTCorrelation Coefficient0.061P value0.745NASAL CTCorrelation Coefficient−0.081P value0.665TEMPORAL CTCorrelation Coefficient−0.147P value0.429[^5]

Discussion {#S0004}
==========

Systemic Lupus Erythematosus is a multisystem chronic autoimmune disease. In women, it occurs approximately six times higher than in men.[@CIT0018] Interestingly, the choroidal involvement could reflect disease activity and/or morbidity in SLE;[@CIT0003] hence, measuring the subfoveal choroidal thickness could be of diagnostic and prognostic value. The RTVue allows non-invasive quantification of the choroidal thickness in the macular area using Chorioretinal scanning mode giving the same value as EDI. The choroidal thickness in the macular area, either with thinning or thickening; denote atrophy or activity, respectively.

In this study, the mean subfoveal CT in control (n= 30) was 364.5 ± 23.0 µm. Normal choroidal thickness has been described in a study by Margolis and Spaide using Spectralis, they reported the subfoveal choroidal thickness to be 287 ± 76 µm in 54 eyes.[@CIT0019] Manjunath et al using Cirrus reported a subfoveal choroidal thickness of 272 ± 81 µm in 34 eyes.[@CIT0020] These studies showed a different range of choroidal thinning can be attributed to using different machines, the difference in mean age, and/or ethnic variations. In a study by Branchini et al, obtained in 28 eyes of 28 healthy persons, the mean subfoveal choroidal thickness was 347.5 ± 94.4 µm by Cirrus, 347.5 ± 97.9 µm by Spectralis, and 337.7 ± 89.0 µm by RTVue.[@CIT0021] This was consistent with our results when corrected for age.

In this study, we evaluated the effect of SLE on the choroidal thickness (CT) by comparing patients with SLE (n=35), and control group (n=30). The CT in the subfoveal, nasal, and temporal parafoveal points, was significantly thinner in the patients group compared to controls (p\<0.001). The median duration of the disease in our study was 6 years (1--15 years). Hence, choroidal thinning in the macular area of SLE patients could be explained by long duration (chronicity) causing immune and complement deposits in choroidal vessels with subsequent choroidal ischemia and atrophy.[@CIT0023]

Interestingly, previous studies that measured CT in patients with SLE had contradictory results. In a study by Dias-Santos et al,[@CIT0003] 68 SLE patients and 50 healthy controls were involved, measuring CT using EDI at 13 loci at subfovea and 500mirons spacing along the vertical and horizontal meridian. CT in the SLE group in their study appears to be thinner, but not statistically significant when compared to the control group.

Altinkaynak et al[@CIT0022] measured CT at three loci (subfoveal, 1500 microns nasal, and temporal peri-foveal) using EDI in 58 patients with inactive SLE and compared them with 58 normal controls. The mean (± SD) subfoveal, nasal, and temporal CT values for the study group were 231.2 ± 57.6 µm, 190.6 ± 30.6 µm, and 222.7 ± 37.5 µm, respectively, and for the control group 297.5 ± 45.1 µm, 248.3 ± 39.7 µm, and 286.5 ± 49.7 µm, respectively. There was a statistically significant decrease in all measurements compared with normal controls (p\<0.001, for all). Although our patients showed significantly thinner CT in comparison to the control group, they showed an overall thicker Choroid if compared to Altinkaynak et al study. It is of note that our SLE patients were characterized by a higher disease activity (median SLEDAI was 6) which could explain this disparity; furthermore, there was a difference in the measuring points implemented in our study, being 750 microns as opposed to 1500 microns in the previously reported study; thus, could be an attributing factor to this discrepancy.

Age is one of the physiological factors that affect choroidal thickness.[@CIT0024] In this study, choroidal thinning showed a negative correlation to age in both groups at all evaluated points. The subfoveal CT was statistically correlated to age in the patients group (r= −0.464, p=0.005) and in controls (r= −0.497, p=0.007). When we remove the effect of age, still patients group showed thinner choroid compared to controls (p\<0.001). These results were similar to many recent studies.[@CIT0003],[@CIT0022],[@CIT0025]

The renal biopsy in nephritic patients is the gold standard for diagnosis but in remission and exacerbations of SLE, repeated biopsies are considered more dangerous than the disease itself. We divided the lupus patients into nephritic and non-nephritic subgroups according to renal impairment proved by laboratory results (creatinine and proteinuria). We compared the CT in the three loci between both subgroups. The subfoveal showed statistically significant thickening in nephritic (mean=287.3microns) subgroup than non-nephritic (mean=261.9 microns) (p=0.032). These results were contradictory to results obtained by Braga J et al.[@CIT0026] They found that the nephritic group had thicker choroid in macular area than both SLE non-nephritic patients and normal control. The results in our study suggest that the nephritic subgroup is in partial remission or that repeated immune complex aggregations cause subsequent ischemia to choriocapillaris. In a study conducted recently by Lee I et al.,[@CIT0027] they found no change in choroidal thickness between 12 nephritic patients in the remission phase and 11 non-nephritic SLE in the remission phase.

The severity of the SLE disease seems to have a stronger correlation with choroidal thickness than the duration of disease.[@CIT0026] The median SLEDAI was 6 (with 80% of patients had active lupus). We found a positive non-significant correlation between CT and SLEDAI (r=0.27, p=0.117).

Drusen-like deposits (DLDs) were significantly found in 22.9% in group1 (p=.023). In a study by Invernizzi A, et al on sixty patients with SLE, DLDs were detected in 40% of SLE similar to our study with respect to the number of sample size.[@CIT0028] Complement disorders seem to affect the prevalence of DLDs in SLE patients.[@CIT0029]

The earliest retinal abnormality in antimalarial drugs, as Hydroxychloroquine (HCQ), is ganglion cell loss.[@CIT0030],[@CIT0031] As the densest area of ganglion cells population is at the peri-foveal region, so antimalarial drugs will first attack peri-foveal area causing the new sign, foveal cupping due to inner retinal thinning. The peri-foveal thinning is insignificant in our study; evident in 11.4% in group1, and 3.3% in group2 (p=.222). We could not find a significant correlation between the peri-foveal cupping and treatment dose (r= −0.024, p=0.9).

An earlier study by our group demonstrated increased serum miR-146a-5p in SLE patients with retinopathy compared to SLE patients without retinopathy.[@CIT0032] Previous studies demonstrate the dysregulated expression of miR-146a-5p in ocular component tissues, including the vitreous humor in patients with melanoma and retinal endothelial cells in patients with diabetic retinopathy.[@CIT0033] In our study, weadded plasma miRNA146 to correlate with choroidal thickness.It was found to be highly expressed in patients with SLE and especially nephritic lupus.[@CIT0012],[@CIT0013] The fold change wassignificantly higher in SLE patients (p=0.001). There was a significant positive correlation for lupus nephritis (r=0.37, p=0.04).

So being a prospective study that detected multifactorial influences on choroidal thickness, this can be a strong study that suggests that choroidal thinning is evident in all SLE patients (even active). Lupus nephritis, although it causes thinning compared to normal controls, but shows a significant increase compared to non-nephritic with positive correlation to both disease activity and miRNA146 fold increase.

Limitations in our study include manual OCT measurements of choroidal thickness. Nevertheless, this technique has been used before with high intraobserver reproducibility. Morphological findings in some participants, although not high, but deserves attention and better correlations. We did not depend on renal biopsy results in our study.

In conclusion: The choroidal thickness, as assessed by the RTVue, was significantly thinner among all SLE patients (nephritic and non-nephritic) as opposed to healthy control. Although thinner than normal control, subfoveal choroidal thickening can be considered a biomarker in nephritic lupus especially in conjunction with increase in miRNA146a. All SLE patients are at risk of small Drusen-like deposits.
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[^1]: **Notes:** \*The highest percentage of patients is in the mild activity degree.

[^2]: **Note:** ▲ Statistically significant using Mann--Whitney test.

[^3]: **Note:** ^a^at age=32.7.

[^4]: **Note:** \*Statistically significant using Spearman coefficient correlation test.

[^5]: **Note:** ^\#^Statistically significant using Spearman coefficient correlation.
